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A Technique of Improved Medial Meniscus
Visualization by Anterior Cruciate Ligament Graft
Placement in Chronic Anterior Cruciate Deﬁcient
Knees
Christopher J. Vertullo, M.B.B.S., F.R.A.C.S., F.A.OrthoA., Lahann Wijenayake, M.B.B.S.,
and Jane E. Grayson, Ph.D.

Abstract: It is customary to perform medial meniscus repair before anterior cruciate ligament (ACL) graft placement
when undertaken as a combined procedure. However, in chronic ACL-deﬁcient knees, intraoperative anterior tibiofemoral translation can cause the medial meniscus repair to be more technically challenging. Intraoperative anterior
tibiofemoral translation can both reduce the visualization of the medial meniscus and make its reduction unstable. An
operative sequence alteration of ACL graft placement and tensioning before medial meniscal repair improves medial
meniscus visualization in chronically ACL-deﬁcient knees by using the ACL graft’s ability to prevent anterior tibiofemoral
translation. The technique sequence is as follows: (a) the medial meniscus is reduced, (b) ACL reconstruction is undertaken using a hamstring graft without ﬁnal tibia ﬁxation, (c) distal graft tension is manually applied to distal graft sutures
by the surgeon to prevent tibiofemoral subluxation, (d) the medial meniscus is repaired while graft tension is applied, and
(e) the graft is then ﬁxed to the tibia using an interference screw or another device.

R

upture of the anterior cruciate ligament (ACL)
increases the risk of medial meniscal tears,
particularly in the posterior horn1 with documented
rates up to 75%.2 Preservation of the medial meniscus
decreases osteoarthritis risk, decreases joint contact
pressures,3 and reduces anteroposterior tibial translation.2 As the ACL is the predominant restraint to
anterior tibial translation in the knee, ACL deﬁciency
increases anterior tibial displacement, increasing load
on the posterior medial meniscus via medial femoral
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condyle impingement4 causing increased medial
meniscal tear gapping,5 and most importantly
decreasing medial meniscus visualization.6
In patients with chronic ACL-deﬁcient knees, anterior
tibial translation is more severe.7 As a result, visualization is worsened, and this coupled with meniscal tear
gapping and increased load can make repair of the medial
meniscus posterior horn tears technically challenging.8
Customarily, if the medial meniscus is torn in an ACLdeﬁcient knee, it is repaired ﬁrst before the ACL is
reconstructed, either as a separate procedure9 or before
simultaneous ACL reconstruction (ACLR).10-12 This
compartmentalized approach separates the key operative components into ﬁnite unrelated sequential tasks
and does not take advantage of the ACL graft’s ability to
decrease anterior tibial translation.
We describe an alternative operative technique that
takes advantage of the ACL graft’s ability to decrease
anterior tibial subluxation, aiding in meniscal visualization during subsequent repair of medial meniscal
tears in chronically torn ACLs.

Surgical Technique
Positioning and Portals
The patient is positioned supine on the operating table
under either a general or spinal anesthetic, with
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tourniquet inﬂated to 300 mmHg, a curved lateral thigh
support (Hipac, NSW, Australia), and 2 popliteal bolsters (Hipac). The two 5-cm-diameter round rubber
popliteal bolsters are placed to allow the knee to be in
either maximum ﬂexion for femoral tunnel creation or
at 90 for tibia tunnel creation. One bolster is placed
transversely across the table, under the operative limb,
at the level of the opposite knee and attached to the
table. The second bolster is placed midway between the
knee and the ankle. The operative limb’s heel is placed
against the distal bolster to ﬂex the knee to 90 (Fig 1)
and the proximal bolster to keep the knee ﬂexed at
140 (Fig 2) for later transportal femoral tunnel drilling.
The lateral thigh support stops the operative hip falling
into abduction during the procedure. After sterile skin
preparation and sterile draping with an arthroscopic
pouch drape, 2 routine anterior portals are used, with a
high anterolateral portal close to the patella tendon for
improved lateral femoral wall visualization, and a low
anteromedial portal for easier transportal femoral tunnel drilling.
Medial Meniscus Reduction
The knee joint is arthroscopically inspected using a
4-mm 30 Stortz arthroscope (Tuttlingen, Germany) in
the anterolateral portal. The ACL is conﬁrmed to be
incompetent and the joint is inspected using a systematic approach starting with the patellofemoral
compartment, and ending in the lateral compartment.
If the medial meniscus is conﬁrmed to be torn
and displaced, it is reduced using a 3-mm hook probe
or similar from the anteromedial portal (Fig 3, Video 1).
If the lateral meniscus is torn, it is then repaired or
resected as appropriate with the knee in a ﬁgure-4
position (Fig 4).

Fig 1. Setup 1: Two foot bolsters and lateral thigh support are
shown supporting the knee at 90 . This is the optimum position for tibial tunnel drilling.

Fig 2. Setup 2: Foot bolsters and lateral thigh support are
shown supporting the knee at 135 . This is the optimal position for transportal femoral tunnel drilling.

ACL Graft Insertion Without Distal Fixation
The femoral ACL tunnel site is then selected using the
surgeon’s (C.J.V.) preference for either anatomic
landmarks or a measuring guide or a combination.
Next, an initial 4.5-mm-diameter tunnel is fashioned
with an Endobutton reamer (Smith & Nephew, Memphis, TN) by drilling over a placed guidewire at the
selected tunnel site (Fig 5). The tunnel is measured for
length, and an appropriately sized closed loop Endobutton is selected. The gracilis (GC) and semitendinosus
(ST) tendons are then harvested using a Linvatec closed
tendon harvester (Conmed, Largo, FL) via an anteromedial tibial vertical incision. Two 50 Ethibond

Fig 3. Step 1: The bucket handle medial meniscal tear is
reduced but not repaired. If not a locked bucket handle tear,
the medial meniscus is inspected but not repaired. This is a left
displaced medial meniscal tear viewed from the anterolateral
portal with the arthroscope at 3 o’clock. The probe is inserted
via the anteromedial portal.
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Fig 4. Step 2: A systematic joint inspection is undertaken and
lateral meniscal repair is performed in the “ﬁgure 4” position
as required.

sutures (Ethicon, Johnson & Johnson, Somerville, NJ)
are attached using a “baseball stitch” to the divided
proximal and distal GC and ST tendon ends to allow
later tensioning (Fig 6). The GC and ST are then
doubled over into a 4-strand hamstring autograft (HS)
using an appropriate length Endobutton CL (Smith &
Nephew) (Fig 7). The prepared graft diameter is then
measured and recorded. After this, the appropriately
sized femoral and tibial tunnels are fashioned. The HS
graft is then fully drawn into the femoral tunnel via the
tibial tunnel by tension on the Endobutton sutures, and
the Endobutton CL is ﬂipped, securing it to the femur
(Fig 8). Once the Endobutton CL is ﬂipped on the
femoral tunnel exterior cortex, tension is applied
manually to the nonattached distal ends of the HS graft
by the surgeon using an artery forcep (Crile GS3106,
Kaiser, Germany) that grasps the Ethibond 50 sutures
(Fig 9). The required tension is dependent on the force

Fig 5. Step 3: The femoral tunnel position is selected and
drilled. (ACL, anterior cruciate ligament; ACLR, anterior
cruciate ligament reconstruction.)
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Fig 6. Step 4: The gracilis and semitendinosus tendons are
harvested, and each tendon end is sutured together using a
“baseball stitch.”

required to prevent anterior tibiofemoral subluxation,
similar to that undertaken for ﬁnal graft ﬁxation or less.
Commonly, after initial HS graft tensioning is undertaken, no further HS graft tension is required.
Medial Meniscus Repair
While anterior tibiofemoral subluxation is prevented
by manual graft tension, the medial meniscus is
repaired. This can be undertaken using a variety of
techniques, including an all-inside, inside-out, or
hybrid technique as required (Fig 10). Harvesting the
graft before the repair also avoids meniscal repair
suture entrapment in the GC and ST tendons.
Tibia Fixation
Finally, the graft is ﬁxed to the tibia with an RCI screw
(Smith & Nephew) with the knee in extension (Fig 11).
A Lachman’s test performed by the surgeon conﬁrms

Fig 7. Step 5: The Endobutton CL is slid over the graft and
each end doubled.
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Fig 8. Step 6: The anterior cruciate ligament graft is drawn
into the knee and the femoral side is ﬁxed to the femur by
ﬂipping the Endobutton sutures.

Fig 10. Step 8: The reduced medial meniscus is repaired using
Fast Fix Ultra devices. Any other method of meniscal repair
can be undertaken instead such as inside-out sutures.

that the graft continues to prevent anterior tibiofemoral
subluxation. The superﬂuous distal graft ends and distal
sutures can be removed using a scalpel. Closure is
undertaken in layers with a subcuticular skin closure. A
drain is not used. Tips, pearls, key points, indications,
contraindications, and risks of the technique are shown
in Table 1.

The pivot shift test was ﬁrst described by Galway and
MacIntosh13 to assess the integrity of the ACL after
injury. It is a functional test of the ACL’s ability to
prevent anterior tibiofemoral subluxation. Previous
investigations of the pivot shift phenomenon revealed
that it was a very complex motion to analyze and
quantify with a variety of different investigational
methodologies used.6,14 These included most recently,

dynamic magnetic resonance imaging15 and electromagnetic navigation.7 Anterior tibial translation combined with internal tibial rotation is the dominant
subluxation in early ﬂexion of ACL-deﬁcient knees,
with reduction of the translation in greater ﬂexion.
Unfortunately, the anterior tibial translation occurs in
early ﬂexion, corresponding with the position the knee
is typically held in when the medial meniscal repair is
undertaken. ACLR has been shown to reduce ACL
rupture-induced tibiofemoral translation.7,15
Chronic ACL-deﬁcient knees have a greater degree of
translation and subluxation under valgus and axial
load, especially in those with medial meniscal tears.
Medial compartment visualization is initially worse in
these patients, and therefore the modiﬁed technique is
particularly beneﬁcial, especially in a highly unstable
medial meniscus. This is important because of the

Fig 9. Step 7: The anterior cruciate ligament (ACL) reconstruction graft is then manually tensioned by the surgeon,
using enough tension to prevent anterior tibiofemoral
subluxation.

Fig 11. Step 9: The anterior cruciate ligament graft tibial
ﬁxation is undertaken using an interference screw inserted
with the knee in extension.

Discussion
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Table 1. Tips, Pearls, Key Points, Indications,
Contraindications, and Risks
Tips and Pearls:
 The amount of distal graft tension required to prevent anterior
tibiofemoral subluxation is easily applied manually by pulling
on the distal hamstring graft sutures by the surgeon using 1
hand.
 The technique does not improve lateral meniscal visualization;
hence the lateral meniscus is best repaired after ACL stump
debridement, but before femoral tunnel selection.
 Proximal graft femoral ﬁxation failure during medial meniscal
repair has never occurred while using this technique by the senior
author (C.J.V.).
 The technique can be used to aid visualization in medial meniscectomy if repair is not appropriate.
 Any lateral thigh support and foot bolster can be used instead of
the described devices.
Key Points:
The technique sequence is as follows:
1. Medial meniscus is reduced.
2. ACL reconstruction is undertaken using a hamstring graft
without ﬁnal tibia ﬁxation.
3. Distal graft tension is manually applied to distal graft sutures
by the surgeon to prevent tibiofemoral subluxation.
4. The medial meniscus is repaired while graft tension is
applied.
5. The graft is then ﬁxed to the tibia using an interference screw
or another device.
Indications:
 A patient with a repairable medial meniscal tear in an
ACL-deﬁcient knee in which concurrent ACL reconstruction is
being undertaken.
Contraindications:
 No speciﬁc contraindications exist if the indications are followed.
Risks:
 The tip of the meniscal repair device hitting against the graft
during passage.
 Excessive graft traction could damage the graft if distal sutures are
pulled out.
ACL, anterior cruciate ligament.

correlation between medial meniscal injuries in chronic
ACL-deﬁcient knees, estimated at up to 75%.2
Repair of the chronically torn medial meniscus has a
relatively low failure rate; however, simultaneous
ACLR improves healing rates.16,17 All-inside repair
devices can have reported similar healing rates to
inside-out sutures devices; however, sutures remain the
gold standard.18 Meniscal repair after ACLR has a
signiﬁcantly higher failure rate.19
There are strategies currently employed to prevent the
intraoperative tibiofemoral translation. First, the assistant can externally rotate the foot, preventing internal
tibial rotation; however, this does not prevent anterior
tibial translation.20 It is also possible to release the medial
collateral ligament, increasing the tibiofemoral
compartment space and reducing tibiofemoral translation by defunctioning the medial collateral ligament.
However, the methodology of releasing vital ligamentous structures in an already unstable knee joint
when alternative visualization methods exist should be

questioned. A third option is to manually perform an
anterior tibial drawer to decrease the subluxation.
Improving arthroscopic visualization decreases the
risk of instrument-related chondral damage and
excessive loading on meniscal sutures or repair
devices.21 Furthermore, because the meniscus tear is
deformed by the compression and shear produced by
tibiofemoral translation, there is increased suture
breakage risk and repair device failure during the repair
process4,11 with the customary technique. Our technique makes the meniscal repair easier and decreases
the operative time.
There are 2 possible risks with this procedure. Graft
damage could potentially occur during the meniscal
repair if the meniscal repair device hits against the
graft during its passage. Hence, constant visualization
of the tip of the meniscal repair device should occur
when in the graft’s vicinity. The second potential risk is
damage to the graft by excessive tensioning. Hence,
avoid placing more tension than can be easily applied
using 1 hand while repairing the meniscus. In using
the technique for over a decade this has not occurred.
Commonly, once initial graft tension is applied, the
surgeon does not have to tension the suture tails any
further due to graft friction inside the tibia tunnel.
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